We report the discovery of the hottest hybrid B-type pulsator, KIC 3240411, that exhibits the period spacing in the low-frequency range. This pattern is associated with asymptotic properties of high-order gravity (g-) modes. Our seismic modelling made simultaneously with the mode identification shows that dipole axisymmetric modes best fit the observations. Evolutionary models are computed with MESA code and pulsational models with the linear non-adiabatic code employing the traditional approximation to include the effects of rotation. The problem of mode excitation is discussed. We confirm that significant modification is indispensable to explain an instability of both pressure and gravity modes in the observed frequency ranges of KIC 3240411.
INTRODUCTION
Slowly Pulsating B-type stars (SPB) were identified as a separate class of pulsating variables by Waelkens (1991) . Initially, the definition of this class included main-sequence stars of spectral types between B3 and B9, which correspond to masses in the range 2.5-7 M ⊙ . They exhibit multiperiodic variations in the light and spectral lines with typical periods of about 0.5 to 3 days. It is now well established that these variations are associated with heat-driven pulsations in high-order gravity (g) modes (Dziembowski et al. 1993; Gautschy & Saio 1993) .
In the era of large multisite campaigns and, especially, satellite observations this definition has become somewhat imprecise because high-order g modes have been detected in main-sequence stars hotter than B3 spectral type, e.g., ν Eri (Jerzykiewicz et al. 2005) , 12 Lac (Handler et al. 2006) , γ Peg (Chapellier et al. 2006) , and many early B-type stars observed by Kepler (Balona et al. 2011) .
According to the theoretical predictions, the oscillation spectra of SPB pulsators are very dense and in the asymptotic regime (high radial orders n) one should expect regularities in period spacing. Unfortunately, ground-based observations show up sparse oscillation spectra (Waelkens 1991; De Cat 2002 , 2007 . This view has changed tremendously with the advent of the space-borne observations. Photometric data from the projects such as MOST, CoRoT, Kepler, and recently BRITE, revealed huge multi-periodicity ⋆ E-mail: szewczuk@astro.uni.wroc.pl (WS) and diversity of pulsations of B-type stars. In particular, we learnt that a lot of them, if not the vast majority, are hybrid pulsators of SPB/β Cep or β Cep/SPB type (Degroote et al. 2010; Balona et al. 2011; McNamara et al. 2012; Pápics et al. 2012 Pápics et al. , 2014 Pápics et al. , 2015 Pápics et al. , 2017 Balona et al. 2015; Pigulski et al. 2016; Kallinger et al. 2017) .
Moreover, 10 SPB stars with regular period spacing patterns were found (Degroote et al. 2010; Pápics et al. 2012 Pápics et al. , 2014 Pápics et al. , 2015 Pápics et al. , 2017 Kallinger et al. 2017) . The positions of these all stars on the Kiel diagram are shown in Fig. 1 and their main period spacings in Fig. B1 . The parameters of these stars and references are listed in Table B1 . However, one has to be cautious because not every period spacing can be associated with the asymptotic properties. For example, Szewczuk et al. (2014) have shown that in the case of HD 50230 the period spacing found by Degroote et al. (2010) is most probably accidental. In turn, in the case of HD 43317, Savonije (2013) did not succeed in reproducing any of the two period spacings.
The period spacing depends on the spherical harmonic degree ℓ, azimuthal order m, and it is very sensitive to evolutionary changes (Dziembowski et al. 1993) as well as to the effects of rotation . These properties allow seismic modelling of such pulsators and constraining parameters of a model and theory.
As has been shown by Szewczuk & Daszyńska-Daszkiewicz (2015) , seismic modelling of SPB stars is possible even if no asymptotic pattern is observed in their oscillation spectra, provided an unambiguous mode identification is doable and the effects Figure 1. Currently known B-type pulsators exhibiting period spacing patterns in the Kiel diagram. For KIC 3240411 we depicted the two error boxes; 1σ and 3 σ. For other stars, only 1 σ error bars is shown. Also evolutionary tracks for non-rotating models calculated with the OPLIB opacity tables assuming X = 0.738, Z = 0.013 (solid dark-blue lines) and X = 0.670, Z = 0.006 (dashed dark-blue lines) are shown. Small value of overshooting from the convective core, f ov = 0.02, was assumed . The big symbols with numbers will be explained later. The stellar parameters (log T eff and log g) are taken from the literature (for the values and references see Table B1 ). Colored figures are available only in the electronic version.
of rotation are properly included. This demands highquality, long time-series photometric and/or spectroscopic observations. This was the case for HD 21071 and, to our knowledge, this is the only example of seismic modelling of the SPB star without period spacing structure. Of course, the ideal situation would be to have both period spacing and mode identification for some frequency peaks from photometric and/or spectroscopic observables.
So far, detailed seismic modelling based on period spacing was performed for the two SPB stars: KIC 10526294 and KIC 7760680. In the case of KIC 10526294, Moravveji et al. (2015) found that exponentially decaying prescription for core overshooting describes the seismic data better than a step function and derived a value of f ov between 0.017 and 0.018. The authors also found the need for additional diffusive mixing in the radiative envelope with the value of log D mix between 1.75 and 2.00 dex (with D mix in cm 2 s −1 ). Moreover, Triana et al. (2015) constrained rotation rate near the core-envelope boundary to 163 ± 89 nHz. The authors concluded that the seismic data are consistent with a rigid rotation but a profile with counter-rotation within the envelope has a statistical advantage over constant rotation. For KIC 7760680 Moravveji et al. (2016) constrained the overshooting parameter to f ov = 0.024 ± 0.001. Similarly as in the case of KIC 10526294, the authors found the need for extra diffusive mixing in the radiative envelope that they confined to log D mix = 0.75 ± 0.25. But they were unable to find model in which all theoretical modes associated with observed frequencies are unstable. This was succeeded by who applied appropriate modifications of the opacity data.
Here, we report the discovery of the hottest known SPB star exhibiting regular period spacing pattern found in the Kepler data. In Section 2 we describe the star KIC 3240411 and in Section 3 its space photometry from Kepler and results of the frequency analysis. Extensive seismic modelling is presented in Section 4. Conclusions and discussion close the paper.
THE STAR KIC 3240411
KIC 3240411 is the early-type B2V star (Lehmann et al. 2011 ) with the Kepler brightness Kp=10.24 mag. Its basic stellar parameters, as determined by Lehmann et al. (2011) , surface gravity, log g = 4.01 +0.12 −0.11
, and the projected rotation velocity, V rot sin i = 43 ± 5 km s −1 . The authors found also helium overabundance, Y = 0.327 and metallicity twice lower than for the Sun, Z = 0.006 ± 0.002. Using the uvby β photometry, Handler (2011) derived the similar values of the effective temperature and gravity: T eff = 20900 K and log g = 4.09 with the errors of about 840 K and 0.2 dex, respectively. The position of the star on the Kiel diagram according to the parameters by Lehmann et al. (2011) is shown in Fig. 1 . Two error boxes are depicted with uncertainty of 1σ and 3σ. The parallax of KIC 3240411 is listed in the first Gaia data release (Gaia Collaboration et al. 2016) but its error exceeds the value more than four times, π = 0.08(37) mas.
KIC 3240411 was classified as the SPB/β Cep hybrid pulsator by Balona et al. (2011) who found in total more than 100 frequency peaks based on the analysis of Q0-Q4 Kepler data. This classification was confirmed by Balona et al. (2015) who extracted a large number of frequencies with the most prominent ones below 2 d −1 and many very lowamplitude peaks up to 17 d −1 .
KEPLER PHOTOMETRY
KIC 3240411 was observed by Kepler for 1470 days during the nominal satellite mission (Q0-Q17). In the public domain, both the light curve and target pixel files are available.
Publicly available Kepler photometric light curves are extracted from the pixels that lay inside the so-called optimal aperture (mask). This aperture was selected to maximize the signal-to-noise ratio (S/N). According to Pápics et al. (2014) this is not the best choice for extracting oscillation frequencies in B-type pulsators. Including additional pixels in the mask provides better long-term stability of the light curves. This statement was also confirmed in our tests. Therefore we decided to construct light curves using customized masks.
In order to extract the light curve for KIC 3240411, we used dedicated code called PyKE (Still & Barclay 2012) . In the first step of our analysis we prepared masks for each quarter. With some exceptions (e.g., possibility of the contribution of the flux from other source) we selected all pixels with the flux above the level of ∼ 300 e − s −1 . The chosen threshold is arbitrary but it gives a significantly smaller noise in the Fourier periodogram for low frequencies. An example mask for Q5 is presented in Fig. 2 . The original mask is marked by red line whereas our mask is marked by a green line. In addition we looked for variability for marked to sources (magenta and cyan lines). In the left panel, we show one of the frame from the middle of Q5 and in the right panel we show masks plotted on a wider field of view with nearby stars and their UKIRT J magnitudes (Lawrence et al. 2007 ). Using our customized masks we extracted light curve from target pixel files. In the next step the obvious outliers were manually removed. Then we removed systematic trends using co-trending basis vectors. An eye inspection of the light curves obtained with the use of different sets of the basis vectors allowed to conclude that in the case of KIC 324011 using vectors 1 and 2 is a reasonable choice. Employing too many vectors could lead to overfitting the data, cleans off real astrophysical signals, or add spurious signals. Finally, Figure 3 . The light curve of KIC 3240411 and the residua after prewhitening on all significant frequencies (the top panel). The lower panels show: the Fourier amplitude spectrum of the original data, the spectrum after prewhitening on 100 frequencies, the spectrum after prewhitening on 200 frequencies and the spectrum after prewhitening on all significant frequencies. The significance level of S/N = 4 is marked as well.
quarters were divided by a second-order polynomial fit and merged. The final light curve consisting of 65 766 data points and converted to the units ppt is shown in the top panel of Fig. 3 . The small exception from this procedure was done for Q12 data. In this case due to a strong dip of the flux we had to divide a quarter into two parts and detrend them separately.
Frequency analysis
To extract the frequencies of variability we calculated the Fourier amplitude spectrum up to the Nyquist frequency (∼24.5 d −1 ) and identified the frequency with the highest amplitude. Here, we applied discrete Fourier transform algorithm based on the concept of Kurtz (1985) . Then, we fitted a sum of sine functions to the Kepler light curve in the form
where N is the number of sinusoidal components, A i , ν i , φ i are the amplitude, frequency, and phase of the ith component, respectively. The offset c ensures that ∫ T S(t) dt = 0, where T is a time base. In the next step, the original data were prewhitened on the all found frequencies and new Fourier amplitude spectrum was calculated. The whole pro- The violet peaks indicate frequencies that may be combination frequencies using the pure mathematical condition.
cedure was iteratively repeated until our significance condition was met.
To estimate a significance level of extracted frequency peaks, usually one computes the signal-to-noise (S/N) ratio. Most often the significance level of S/N = 4 is assumed, which is the threshold found by Breger (1993) for groundbased observations or by Kuschnig et al. (1997) for the Hubble Space Telescope observations. However, Baran et al. (2015) showed that in the case of the Kepler data this threshold should be higher, S/N ≈ 5. Here we adopted S/N = 4 as a tentative value and then increased the level up to S/N = 5. The noise N was calculated as the mean amplitude in a 1 d −1 window around a given frequency peak.
In the bottom panel of Fig. 3 we show four amplitude spectra (from top to bottom): for the original data, after prewhitening on 100, 200 and all frequencies. As one can see below ∼2 d −1 there is a significant increase of the noise level which can suggest that there are still some unresolved signals present in the data.
As a result of the prewhitening procedure we obtained 389 frequencies with S/N ≥ 4 and 72 frequencies with S/N ≥ 5. The frequencies are listed in Table A1 in Appendix A. The Rayleigh resolution of the full data set of KIC 3240411 amounts to 0.00068 d −1 . The last column of Table A1 lists frequencies closer than this resolution. In Fig. 4 we depicted the oscillation spectra for the two significance levels: 4 ≤ S/N < 5 (the bottom panel) and S/N ≥ 5 (the top panel).
The significant frequencies range up to ∼ 18.5 d −1 , but those with the highest amplitudes occupy the low-frequency range corresponding to pulsations in g modes. If we apply a simple mathematical condition, 319 of 389 detected frequencies seem to be linear combinations, i.e.,
where ν i is a child frequency, ν j , ν k are parents frequencies and n, m are integers in the range from −10 to +10. These possible combinations are given in the penultimate column of Table A1 in Appendix A. But taking into account the density of the oscillation spectrum, the fact that we need high coefficients in combinations and the fact that combinations mostly do not result from the highest amplitude peaks, it is very probable that most of them are in fact independent frequencies. Part of the variability, especially at high frequencies, may originate from the contamination by the fainter star, e.g., of δ Sct type. Therefore we checked whether possible variable flux from stars within masks marked by magenta and cyan lines in Fig. 2 contribute to the variability of KIC 3240411. To this end, we constructed the light curves for these stars and followed the procedure of the frequency analysis. We did not find any significant variability with frequency above ∼ 0.1 d −1 . The list of these frequencies is given in Table A2 in Appendix A. We checked also the other possibility. Namely, there are two quite bright stars within our as well as the original mask of KIC 3240411; the one on the left and the other on the right. We calculated Fourier amplitude spectra of the light curves extracted from the pixels that lie in the left half of our mask (pixels encounter by yellow line in Fig.2) and from a few pixels on the right hand of the target star (pixels encountered by blue line in Fig.2 ). Such cuts introduce significant trends, therefore we did not try to analyse the merged data and focus only on Q5 data. Since in both sets of "cut" data as well as in the original data we found similar structures in the Fourier amplitude spectrum at high frequencies, it suggests that all variability originates rather in KIC 3240411.
In addition, we calculated time-depended Fourier amplitude spectra, i.e., the amplitude spectra for shorter segments of data. We used different sizes of windows (from 50 to 300 d) and slid them along the time. The window shift was from about 0.2 to 6 d that corresponded to the number of observational points from 10 to 300, respectively. We found quite significant changes of the frequencies and their amplitudes.
In Fig. 5 Fig. 6 ). A closer look reveals also that frequencies themselves are variable. In Fig. 7 , we show these changes for four low frequencies and one high frequency. The frequencies and amplitudes shown in this figure were fitted to the data prewhitened on all frequencies with higher amplitudes (with the exception of ν 1 = 0.915583 d −1 which is frequency with the highest amplitude). These changes depend slightly on the length of data subsets but the effect is not large. On the one hand, the time base should be long enough to allow accurate determination of the Fourier parameters. On the other hand, longer the time base larger the averaging of variations over time.
In Fig. 7 , we present the results of the Fourier analysis performed, as before, for 300 d data blocks shifted by 200 data point every time step.
The time-varying nature of frequencies on such short time scale may be caused by nonlinear effects such as resonant couplings of pulsational modes (Buchler et al. 1995 (Buchler et al. , 1997 . Amplitude modulation may result also from beating of close frequency modes (Bowman et al. 2017) . As one can see for some modes there is a correlation between the amplitude changes and frequency changes. This can be caused by the beating phenomenon, nonlinearity, or mode coupling (Bowman et al. 2016 , and references therein). Nevertheless, we can say that the frequency and amplitude variability is rather intrinsic than extrinsic as we did not find any reliable signal of binarity in the light curve of KIC 3240411 (Murphy et al. 2014 ).
Period spacing
(Quasi) regular period spacing pattern predicted by the asymptotic theory enables mode identification and then seismic modelling. This motivated us to look for such features in the oscillation spectrum of KIC 3240411. A careful check of period differences in the range typical for high-order g modes revealed a period spacing that is shown in Fig. 8 . However, there is some ambiguity because there are two possible series that we called, a and b. Both series consist of 22 frequencies and they are listed in Table 1 . The sequence a can be additionally extended to lower frequencies if we assume Table 1 . The parameters of the two alternative (quasi) equidistant in period series. Frequencies, amplitudes, phases, periods, period spacing with their errors are provided here. In the penultimate column the signal-to-noise ratios are listed and in the last column possible combinations are given. that some modes are undetected (grey squares in Fig. 8 ).
As one can see both series include also frequencies that can be classified as combination ones. But since we are dealing with very dense oscillation spectrum and potential parental frequencies have small amplitudes, we opt for the statement that fulfilling of mathematical condition on combination frequencies is accidental. Moreover, all frequencies belonging to the series have high S/N ratio. Only for three frequencies this ratio drops slightly below five. In addition, we identified two shorter series of quasi-equidistant in period frequencies (marked by cyan and magenta symbols in Fig.8 ). However, our seismic modelling will show that these series are rather accidental. Therefore we do not list their parameters.
The length of the series (a or b) as well as the fact that they involve mostly high-amplitude frequencies allow us to assume that we observe asymptotic behaviour of g modes. Therefore in our further analysis we treat these frequencies as modes with the same degree ℓ, azimuthal order, m and consecutive radial orders n. Moreover, based on the slope of the series we can say that we are dealing with axisymmet- ric or prograde modes ).
SEISMIC MODELLING

Standard opacity models
Seismic modelling was done simultaneously with the mode identification for the series a and b. In that way we verify whether these ∆P patterns result from asymptotic properties of high-order g modes or are accidental structures. We constructed a few extended grids of evolutionary and nonadiabatic pulsational models and then compared the theoretical frequencies with the observed ones using the discriminant χ 2 defined as
where n is the number of consecutive modes, ν o,i are frequencies from the series a or b, ν t,i are the theoretical counterparts with a given harmonic degree ℓ and azimuthal order m. The observed uncertainties in frequencies, σ 2 i , were multiplied by a factor 4 (see Moravveji et al. 2016) .
Both stellar evolution and pulsation models were calculated within the 3 σ error box in log T eff and log g. We used MESA code (in its 9575 version, Paxton et al. 2011 Paxton et al. , 2013 Paxton et al. , 2015 considering a wide range of the rotational velocity from V rot = 40 km s −1 on ZAMS to the upper limit of the validity of the traditional approximation. As the upper limit we adopted 220 km s −1 on ZAMS that is about a half of the break-up velocity. The step was ∆V rot = 10 km s −1 . We considered various chemical compositions (X, Z), assuming the element mixture of Asplund et al. (2009) and the OPLIB opacity data (Colgan et al. 2015 (Colgan et al. , 2016 . We used MESA tables of the equation of state (see Paxton et al. 2011 ) that are based on OPAL EOS (Rogers & Nayfonov 2002) , nuclear reaction network approx21.net (Paxton et al. 2011) , and Eddington grey atmosphere boundary conditions. More details can be found in the inlist file included in Appendix D. The overshooting from the convective core was described by the exponential formula and its parameter was initially set as f ov = 0.02. In the first models grid we assumed hydrogen abundance and metallicity as measured in photosphere, i.e. X = 0.67, Z = 0.006. In all our evolutionary grids we applied a step in mass ∆M = 0.05 M ⊙ and a maximal step in the effective temperature ∆ log T eff = 0.00066.
Because the frequencies of g modes are often of the order of the rotation frequency, including the effects of rotation on pulsations is vital. This has been done in the framework of the traditional approximation (Bildsten et al. 1996; Lee & Saio 1997; Townsend 2003 Townsend , 2005 which takes into account the effects of the Coriolis force. The values of the rotation frequency for our best seismic models are listed in the fourth column of Table 2 and 4. All axisymmetric and prograde modes with ℓ ≤ 3 were examined. This part of calculations was made with the use of the Dziembowski code in its version that employs the traditional approximation (Dziembowski et al. 2007 ). In pulsational computations we decreased the step in V rot to 0.05 km s −1 and the lower limit of V rot was set as 35 km s −1 . This is below the minimum sur- face velocity resulting from V rot sin i but we wanted to check if the core can rotate slower than the surface layers. Based on the values of χ 2 we can safely reject the hypothesis that considered series are ℓ = 2 or 3 modes (see Table 2 ). Our fitting points that observations are best reproduced under the assumption that the series b consists of frequencies with the consecutive radial orders n associated with the (ℓ = 1, m = 0) modes. For the series a we got the best fit for prograde dipole modes (ℓ = 1, m = +1) but the values χ 2 for model #1 is more than three times larger than for the best fit of the series b (model #2).
As usually, we estimate the mode instability using the dimensionless, normalized parameter η defined by the work integral W over the pulsational cycle (Stellingwerf 1978) ,
The values of η range from -1 to 1 and unstable modes have η > 0. Unfortunately, all modes from both series are far from being unstable. In the best model (#2 in Table 2 ) the maximum value of η for frequencies that reproduce observations reaches −0.39 and many modes are entirely stable with η ≈ −1. In the top panel of Fig. 9 the values of η for this model are plotted as red dots. Since the metallicity is crucial for pulsation excitation in B-type stars one can expect that increasing Z improves instability conditions. We calculated the second grid of models with the solar abundances (Asplund et al. 2009 ), i.e., X = 0.738 and Z = 0.013. As before, the series a prefers the ℓ = 1, m = +1 modes and the series b -the ℓ = 1, m = 0 modes. The values of χ 2 got smaller for both series but again the solutions for the series b are strongly favored. In Fig. 10 we compare the best seismic models for the series a and b with observations on the diagram ∆P vs. P. The parameters of the seismic models for the series a and b are listed in the sixth and seventh line of Table 2 (models #3 and #4), respectively. For the series b the parameter η increased but modes are still stable (η max = −0.29). In the case of the series a , it slightly decreased (η max = −0.53) which is a consequence of the shift of the maximum of η(ν) towards higher frequencies. The values of η for the best seismic model from this grid (the model #4) are plotted in Fig. 9 as green dots.
We also checked two more grids with a solar metallicity: for the hydrogen abundances as determined by Nieva & Przybilla (2012) for B-type stars in the neighborhood of the Sun and for helium abundance as determined for our target by Lehmann et al. (2011) . Also these calculations confirmed our previous conclusions. The values of χ 2 are comparable to the previous results and choose the series b with axisymmetric dipole modes. However, changing the grids did not solve the problem with mode excitation (see Table 2 ). On the other hand, this should not be surprising because the star is outside or on the edge of the SPB instability strip calculated for standard opacity data and reasonable metallicity (see .
In the next step, we tried to constrain the metallicity and overshooting parameter. To this end we fitted the (1,0) modes to the series b for parameters in the vicinity of the model #4, i.e. we constructed a fine grid of models with M from 7.5 to 8.5 M ⊙ , V rot from 155 to 185 km s −1 , X=0.738, Z from 0.010 to 0.015 with ∆Z = 0.001 and f ov from 0.005 to 0.040 with ∆ f ov = 0.005. The parameters of the best model (#7) from this grid are listed in the last line of Table 2 and the values of χ 2 as a function of different parameters are shown in Fig. 11 . As one can see the overshooting parameter should not be higher than 0.03. Moreover, the star is at the beginning of its course on the main sequence evolution. This conclusion can be drawn also from the four earlier grids. Because the model #7 from the fine grid has Z = 0.015 it has slightly better instability conditions. All best seismic models that fit the series b were marked on the Kiel diagram in Fig. 1 with big symbols. As one can see all of them are within the 3σ error box.
The two other series shown in Fig. 8 with ∆P ≈ 0.01 cannot belong to any asymptotic pattern and are composed of modes with different angular numbers (ℓ, m).
Modified opacity models
The problem with excitation of g modes in hybrid early Btype pulsators is known for many years (Pamyatnykh et al. 2004 ). Recent results for the early B-type star ν Eridani by Daszyńska-Daszkiewicz et al. (2017b) showed that significant modifications of the mean opacity profile are necessary to account for all pulsational properties. In particular, to excite high-order g modes they had to increase the mean opacity at log T = 5.46 by more than 150%. This solution appeared to be quite common and works also for other hybrid B-type pulsators (Daszyńska-Daszkiewicz et al. 2017a) . At the depth log T = 5.46 nickel has its maximum contribution to opacities. The other modification considered are: log T = 5.3 -the Z-bump, log T = 5.22 -the maximum contribution of chromium and manganese and log T = 5.06 -the new opacity bump identified in Kurucz models of stellar atmospheres by Cugier (2012) .
Here we follow this line and modify the standard OPLIB opacities as was done by Daszyńska-Daszkiewicz et al. (2017b) :
where κ 0 (T) is the standard mean opacity profile and (a, b, T 0 ) are parameters of a Gaussian describing the width, height and position of the maximum, respectively. Our modifications are coded as OX(T 0,i , a i , b i ) and are listed in Table 3. Our goal was to explain instability of both g and p modes. The results are listed in Table 4 . We stress that throughout the paper the effects of rotation on pulsation are included only for g modes and for p modes they are ignored. Both series, a and b, were considered. For O1-O4 modifica- Table 2 . The parameters of the best seismic models reproducing the series a and b of the period spacing. Because of very high values of χ 2 for ℓ = 3 only a few examples were included. The subsequent columns contain: the name of the series, mass, the current value of rotation, the rotation frequency, the initial abundance of hydrogen, metallicity, overshooting parameter, effective temperature, luminosity, surface gravity, central hydrogen abundance, angular numbers, χ 2 discriminant, the maximum value of the η parameter for the modes associated with the observed series. In the penultimate column, we give the number of unstable theoretical modes associated with the observed series. In the last column, selected models have been marked with identifiers. tions we made calculation for two sets of abundances -the observed one and the solar one. In these cases, we increased opacities by 100% at one to three depths expressed by log T. All calculations confirmed that the series b is associated with (1,0) modes and the series a, if considered as a real one, with (1, +1) modes. However, O1-O4 modifications do not allow us to excite appropriate modes. In the best case, which is the O2 modification, we obtained only three unstable modes associated with the observed frequencies from the series b.
In the next set of modifications, O5-O10, we substantially increased opacities at log T = 5.46 which allowed to excite many g modes. In the case of O5 we found 14 unstable modes (the model #16). Unfortunately in this case all p modes are stable (see the top and bottom panel of Fig. 9 , respectively). The minor modification at log T = 5.30, 5.22, and 5.06 allowed us to find models with unstable modes both in g-and p-mode regime (models #17, #18, #19, and marginally #21).
In the vicinity of the model #19 we calculated a fine grid of models. This model was chosen because it has relatively small χ 2 and large number of unstable modes reproducing the series b as well as unstable p-modes. This fine grid contains models calculated with O8 modifications and M from 5.75 to 6.75 M ⊙ , V rot from 105 to 135 km s −1 , X from 0.70 to 0.74 with ∆X = 0.1 (with one additional value of X=0.738), Z from 0.010 to 0.015 with ∆Z = 0.001, and f ov from 0.005 to 0.040 with ∆ f ov = 0.005. The parameters of the best model (#22) from this grid are listed in Table 4 . The instability parameter η of the model #22 is depicted in Fig. 9 .
The values of χ 2 as a function of different parameters in this fine grid of models are shown in Fig. 12 . Again we can conclude that in order to reproduce the observations we have to exclude high values of the overshooting parameter, we got f ov < 0.03, and that the star is near ZAMS.
The Correlation between various parameters of seismic models are discussed in Appendix C. 
CONCLUSIONS
We performed seismic modelling of the early B-type star KIC 3240411 that is a hybrid pulsator whose oscillation spectrum is dominated by g-mode frequencies. This modelling is based on the (quasi) regular period spacing identified in the low-frequency range. Till now, this is the hottest SPB star for which we observe the asymptotic period spacing for g modes.
Applying the Fourier frequency analysis we extracted 389 frequency peaks with S/N ≥ 4. The more rigorous condition S/N ≥ 5 gave 72 frequency peaks. Using various customized masks we show that all extracted frequencies are associated with the target star. The frequencies and their amplitudes vary in a short time scale which can result from mode interactions and nonlinear effects.
In the low-frequency range of the oscillation spectrum of KIC 3240411 we identified two series consisting of 22 frequencies that form the period spacing structures. We computed extended grids of models using MESA code for evolutionary calculations and linear non-adiabatic code for pulsational calculations. The effects of rotation on g-mode pulsations were included via the traditional approximation. Seismic modelling made simultaneously with the mode identification proved the asymptotic character of one of the two identified series. The best solution was obtained with the series corresponding to the consecutive axisymmetric dipole modes. This result differs from the previous ones. In the case of other rotating stars with period spacing, these structures were usually associated with prograde dipole modes.
We also found constraints on the overshooting parameter, f ov ≤ 0.03., and the central value of the hydrogen abundance, X c > 0.6. It means that the star is rather close to ZAMS, i.e. at the beginning of its main-sequence evolution. This conclusion is independent of the adopted opacity data.
In the next step, we investigated the mode instability in our seismic models. All models constructed with the standard opacity tables have stable pulsational modes in the low-frequency range. The excitation problem occurs also in the higher frequency range corresponding to p modes. To solve this problem we followed the approach of Daszyńska-Daszkiewicz et al. (2017b) and modified the standard mean opacities. We considered modification at the depths, expressed in log T, at which iron-group elements have their main contributions.
Seismic modelling of KIC 3240411 clearly shows that there is still a room to improve the opacity data. Our analysis confirmed that a large increase of opacity at log T = 5.46 is necessary to excite high-order g modes. To get unstable p modes in the observed frequency range, we had to enhance the mean opacities at log T = 5.3 or log 5.22. In some cases, the opacities had to be extra decreased at log T = 5.06 to excite the highest frequency modes.
At the moment there is no good explanation for these opacity modifications. Their need may result from some inaccuracies in the opacity calculation methods or can be intrinsically related to a star, e.g., non-homogenous distribution of chemical elements in the interior. This issue requires further in-depth studies and seismic modelling of hybrid pulsators seems to be one of the most stringent test of these microphysics data.
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In Table A2 we give frequencies found in two sources identified in the Kepler frames which are close to the target star.
APPENDIX B: KNOWN SPB STARS WITH PERIOD SPACING
So far, ten stars with period spacing patterns in their oscillation spectra have been detected. Although in the two cases (HD 50230 and HD 43317) the connection of such patterns with asymptotic properties is doubtful we put all of them in the period spacing vs. period diagram (Fig. B1) . In Table B1 we give stellar parameters of these stars. In the case of multiple systems we listed also parameters of companions if known.
APPENDIX C: CORRELATIONS
We also checked correlations between various parameters in our seismic modelling. To this end we choose the vicinity of seismic model #19, i.e. grid of models from which we found model #22. In Fig. C1 we put the values of χ 2 coded by colours in the parameter vs. parameter diagram. The correlation or anty-correlation occur between different parameters. For example, one can see the correlation between V rot and log g, and anty-correlation between V rot and the overshooting parameter f ov . The metallicity correlates with the effective temperature and luminosity but we did not find the correlation between metallicity and other parameters We got the clear correlation between log T eff and log L/log L ⊙ what is easily understood. As one can expect, the correlation occurs also between the central value of hydrogen and the overshooting parameter; the higher value of f ov the higher X c . Table A1 . Parameters of all frequencies extracted from the Kepler light curve of KIC 3240411. There are given frequencies, amplitudes, phases and their errors, respectively. In the third column from the end are listed signal to noise ratios. In the penultimate column are listed possible combinations. If a given frequency is closer to the other with higher amplitude than the Rayleigh resolution, then this higher amplitude frequency is listed in the last column. Table A2 . The same as in Table. A but for stars marked by magenta and cyan contours in Fig. 2 This paper has been typeset from a T E X/L A T E X file prepared by the author.
